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ABSTRACT 

Three methods of  c a l c u l a t i n g  t o r q u e  due t o  c a b i n  

atmosphere leakage are p resen ted .  One y i e l d s  a worst- 

case v a l u e  of 0 . 2 6  f t - l b ,  and t h e  o t h e r  t w o ,  which are based 

on d i f f e r e n t  assumptions,  y i e l d  e s t i m a t e d  v a l u e s  o f  0 . 1 3  

and 0 . 0 8  f t - l b .  Only w i t h  a more d e t a i l e d  l eakage  s p e c i f i c a t i o n  

can more r e f i n e d  estimates of leakage  t o r q u e s  b e  made. 
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I n t r o d u c t i o n  

Cabin atmosphere w i l l  l e a k  from t h e  p r e s s u r i z e d  
Skylab modules, and i n  s o  doing,  i t  w i l l  create a to rque  
on t h e  v e h i c l e  t h a t  m u s t  be  reckoned w i t h  i n  a s s e s s i n g  
a t t i t u d e  c o n t r o l  system performance. A n a l y t i c a l  e s t i m a t i o n  
of  t h e  t o r q u e  i s  s u b j e c t  t o  l a r g e  e r r o r s  inasmuch as magnitudes,  
l o c a t i o n s ,  and d i r e c t i o n s  of t h e  l e a k s  are poor ly  known, 
even i n  a p r o b a b i l i s t i c  sense.  I n  view of t h e  c i rcumstances ,  
t h r e e  d i f f e r e n t  means of computing leakage to rque  a r e  p r e s e n t e d  
h e r e ;  i n  each case  t h e  r a t i o n a l e  i s  desc r ibed  and numer ica l  
v a l u e s  are given.  

Elements i n  Common 

A l l  t h r e e  models s h a r e  t h e  fo l lowing  p r o p e r t i e s .  

S i n g l e  l e a k  i n  each module (and i n t e r f a c e ) .  Th i s  i s  
a wors t -case  c o n d i t i o n  because maximum leakage  i s  
s p e c i f i e d  on a p e r  module b a s i s  [l] . 
Leakage a t  maximum a l lowable  ra te .  Unless s t a t e d  
o t h e r w i s e ,  t h i s  i s  the r a t e  g iven  i n  t h e  S p e c i f i c a t i o n  
[l] , and i t  i s  clear t h a t  t h i s  t oo  i s  a worst-case 
c o n d i t i o n .  

D i r e c t i o n  normal t o  Workshop l o n g i t u d i n a l  a x i s .  Th i s  
t e n d s  t o  maximize t h e  l e v e r  a r m  a s s o c i a t e d  wi th  a 
g iven  leak,  s o  i t  i s  a l s o  conse rva t ive .  

T h r u s t  vectors a l l  pass  through Workshop c e n t e r l i n e .  
This  i s  an assumption, which t o g e t h e r  w i th  t h e  
approximation t h a t  t h e  v e h i c l e  mass c e n t e r  a lso l ies 
on t h e  c e n t e r l i n e ,  s i m p l i f i e s  t h e  problem. Note t h a t  
t h i s  c o n d i t i o n  i s  n o t  conse rva t ive  s i n c e  i t  e l i m i n a t e s  
leakage  to rques  about  the  l o n g i t u d i n a l  a x i s ,  b u t  one 
may argue  t h a t  t h e  l e v e r  arms a s s o c i a t e d  w i t h  such 
to rques  should  be s m a l l  anyway. 
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S p e c i f i c  impulse of 5 4  sec. T h i s  v a l u e ,  c a l c u l a t e d  i n  
accordance w i t h  Reference 2 ,  i s  cons idered  r ea l i s t i c .  

Maximum Torque Model 

T h i s  model g ives  a n  upper  bound on leakage  t r o q u e .  
F low rates from Reference  1 a r e  used w i t h  two excep t ions :  

OWS leakage i s  reduced from 5 t o  3 lb/day t o  a l l o w  f o r  
t h e  amount t h a t  i s  expected t o  p a s s  through t h e  waste 
t ank  "nonpropuls ive" ven t s  [ 3 ]  ; and 

CM leakage is  r a i s e d  from 2 . 4  t o  4 . 8  lb/day,  which t h e  
w r i t e r  unders tands  t o  be t h e  c o n t r a c t u a l  maximum a l lowab le  
v a l u e  [ 4 ] .  

Two p i e c e s  of in format ion  are needed t o  complete 
t h e  model, namely, t h e  l o n g i t u d i n a l  l o c a t i o n s  of  t h e  l e a k s  
and t h e i r  d i r e c t i o n s ,  which a r e  a l r e a d y  c o n s t r a i n e d  t o  be 
normal t o  t h e  l o n g i t u d i n a l  a x i s .  C o n s i s t e n t  w i t h  t h i s  wors t -  
c a s e  approach,  t h e  l o c a t i o n s  used are t h o s e  on each module 
f a r t h e s t  from the  v e h i c l e  mass c e n t e r ,  and t h e  d i r e c t i o n s  
are such t h a t  a l l  leaks on  one s i d e  of t h e  mass c e n t e r  a r e  
a l i g n e d  and a l l  leaks on t h e  o t h e r  side a r e  a l i g n e d  b u t  i n  
t h e  o p p o s i t e  d i r e c t i o n  so as t o  produce t h e  l a r g e s t  p o s s i b l e  
t o r q u e .  The a c t u a l  d i r ec t ion  of  t h e  r e s u l t a n t  t o rque  i s  
l e f t  open so t h a t  leakage to rque  may be added t o  known t o r q u e s ,  
such as t h o s e  due t o  g r a v i t y  and v e n t i n g ,  i n  t h e  m o s t  d e t a i -  
mental  way. 

I t  i s  c l e a r  t h a t  t h i s  model i nvo lves  a p o s s i b l e  
b u t  h i g h l y  improbable combination of wors t  c a s e s .  

Half Maximum Toraue Model 

I n  view of t h e  fact  t h a t  t h e  maximum to rque  i s  
q u i t e  u n l i k e l y  t o  occur ,  one can work w i t h  some f r a c t i o n  
of  t h e  maximum v a l u e ,  t h e  f r a c t i o n  be ing  chosen more o r  
less a r b i t r a r i l y .  One h a l f  has been used [5], and one  can 
j u s t i f y  t h i s  f r a c t i o n  on t h e  grounds of Apollo leak tes t  
r e s u l t s  [61 , which show t h a t  w i t h  a sole  excep t ion ,  a l l  
Command Modules leaked  a t  less than  h a l f  t h e  a l lowab le  ra te .  
T h i s  j u s t i f i c a t i o n  i s  s u b j e c t  t o  q u e s t i o n ,  however, on grounds 
of t h e  d i f f e r e n c e s  between t h e  CM and t h e  o t h e r  Skylab 
modules. 
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R S S  Model [ 7 ]  

I n  t h i s  model, proposed by and used by MSFC, t h r e e  
of  t h e  assumptions made i n  t h e  maximum t o r q u e  model are 
s o f t e n e d .  S p e c i f i c a l l y ,  

l e a k s  are t aken  t o  be l o c a t e d  a t  t h e  module 's  m a s s  
c e n t e r s  r a t h e r  t h a n  a t  t h e i r  e x t r e m i t i e s ,  

t h e  leakage  d i r e c t i o n s  are n o t  a l l  assumed t o  be 
a l i g n e d  a s  b e f o r e ,  and 

t h e  2 . 4  lb/day CM leakage ra te  g i v e n  i n  Reference 1 
i s  used i n  p l a c e  of t h e  4.8 lb/day v a l u e .  

Nonalignment i s  handled by r o o t  sum s q u a r i n g  t h e  i n d i v i d u a l  
leakage  t o r q u e s  so as t o  a r r i v e  a t  a composite t o rque  (when 
t h e  l e a k s  are a l i g n e d  t h e  composite t o r q u e  i s  o b t a i n e d  by 
adding  magni tudes) .  

Th i s  t o r q u e  i s  d iv ided  b y f i ,  and t h e n  added t o  
bo th  t h e  y and z a x i s  v e n t i n g  t o r q u e s  i n  such a way t h a t  
t h e  r e s u l t a n t  t o r q u e  i s  as l a r g e  as p o s s i b l e .  

The model is named a f t e r  t h e  r o o t  sum squa re  
p r o c e s s  invo lved ,  b u t  t h e  p rocess  i t s e l f  seems t o  have no 
j u s t i f i c a t i o n  i n  t h i s  a p p l i c a t i o n ;  i t  i s  merely a way of 
combining v a l u e s .  

Numerical Values 

The table g i v e s  numerical  data  for t h e  maximum 
t o r q u e  and rss models, based on a m a s s  c e n t e r  l o c a t e d  a t  
s t n .  6 4 7  ( O r b i t a l  Assembly c o o r d i n a t e s ) .  The r e s p e c t i v e  
a n g u l a r  impulses  are 1450  and 431 f t - l b - s e c / o r b i t  ( 5 6 0 0  
sec o r b i t ) ,  and t h u s  t h e  va lue  f o r  t h e  h a l f  maximum t o r q u e  
model i s  7 2 5  f t - i b - s e c j o r b i t .  

D i scuss ion  

The assumptions upon which t h e  h a l f  maximum t o r q u e  
and rss models res t  a r e  q u e s t i o n a b l e .  The w r i t e r  and o t h e r s  
have proposed o t h e r  leakage models as w e l l ,  b u t  a l l  are 
based on q u e s t i o n a b l e  assumptions r e g a r d i n g  t h e  n a t u r e  of 
t h e  leakage .  Only t h e  maximum t o r q u e  model s t a n d s  on f i r m  
ground,  b u t  i t s  conserva t i sm impa i r s  i t s  u s e f u l n e s s .  
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What would h e l p  t h e  s i t u a t i o n  i s  n o t  more 
s o p h i s t i c a t e d  models o r  se t s  of assumpt ions  b u t  r a t h e r  
a more d e t a i l e d  l eakage  s p e c i f i c a t i o n  and t e s t  p rocedures  
t o  back it up. The s p e c i f i c a t i o n  and t h e  tes ts  should  
e n s u r e  t h a t  l eakage  w i l l  be  w e l l  d i s t r i b u t e d  so  t h a t  
s e l f - c a n c e l l a t i o n  e f f e c t s  a r e  c e r t a i n .  

1 0  2 2 -PGS - m e  f P.  G. Smith 
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